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ABSTRACT

A technique¢ was devised using infrared detection
2
cf localized I R heating c¢f conducting materials to

deteraine the surface charge and current distribaticns
cn various objects. The @geasureaent [rocess is
explained and ccaparisons between exgerimentally
detersined and actual charge and current distributicas
are presented.
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I. INTBODUCTION

Knowledge of the charge and current distributicns is
essential in many applications of antensa desiga and
placement, eclectromagnetic scattering, and electromagnetic
coapatability. Although it is possible tc mwmeasure these
guantities directly c¢n a given object using electrically
small prcbes [Whiteside 196234, it is an extremely slcw,
tedious, and expensive process. To avoid this, coafputer
analysis of structures has beccme increasingly iapcrtaat
fButdies—I992y—Chao-and Strait-197%]. These models require
assumpticns concerning gecaetry, wire size, boundary
coaditions, and the like. 1In all such investigations, acdel
verification has become important
Bertom,—King-—and Blejer..-19764. Clearly, a tecktnigue
yielding real-time measurement of charge and current
sagnitude distributions has okvicus advantages.

a

La Varre and Burtcn have shown (1975} t[at urface
currents on radiating and scattering structures can, ynder
certain conditions, generate sufficient heat tc \ be

\

detectable Lty infrared measuresgents with egquipment such'as
an AGA Theracvision 680 systen.

A. PACTCRS APPECTING INPRARED DETECTION

2
The detectability of I R heating by surface currents is

a function of the threshold temperature g:adient' of the
seasuring egquipsent, the conductivity and esissivity ct the
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surface under investigation, and the microwave power levels
Eresent.

A temperature gradient of 0.29C can be detected by the
Thermovision systea. If a scattering or radiating structure
has sufficient currents to cause a 29C temperature
difference, ten isotherms may be selected in various colors
and displayed to indicate the temperature distributicns.

The surface under consideration must ke sufficiently
conductive to allcw representative charge and current

- distributions to form. However, the surface must nct be so

pi
conductive that either no significant I R heating is

produced, or any generated heat is quickly dissipated Ly the
thermal ccnductivity of the saterial. Bigh electrical
conductivity in a material implies high thermal conductivity
in that saterial.

The spectral emissivity (the ratio of the emittance of a
body in a specified portion cf the spectrum tc that <¢f an
ideal radiatcr) must also be sufficiently high to allow good
Thermovision detection of ¢the surface. Thbe more nearly
®Elack" tbe surface in the three to five micrcameter
wavelength range, the tetter the detectability of a specific
temperature difference on that surface.

Sufficient microvave power levels must Le¢ used tc cause
charge aund curreant distributions to fcrm, Lot practical and
safety considerations dictate that ainimum uvsable levels be
esployed. The experimental procedures in this work require
an incident power at the surface of scattering objects of
approximately three aillivatts per square centimeter.
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E. THRSIS OBJECTIVE

‘This work vas done to indicate the feasibility c¢f the
infrared detection process, to reduce the prccess to ccamon
lapcratory cor applications prccedures, tc compare the
results obtained with results from other technigues to
exhibit the accuracy of the infrared detection procedure,
and to use infrared detection tc cbtain curreat
distributions on objects that have not been otherwise
deterained. The direction of future research was also
indicated. g
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II. EXPERIMENIAL APPABAIUS

d. AGA THERMOVISION .SYSTEM 680

The AGA Thermovision System 680 is an infrared camera
and display system that uses a single indium antimonide
(InSb) photcvoltaic detector, cooled to 779K with liguid
pitrogen, to detect emissions from objects in its field of
view in the Z to 5.6 micron wavelengths.

1. Camera

The camera (Pigure 1) in this system has an 89x89
field-of-view germanium lens, with a range cf focus frcm 1.7
seters tc infinity. Scanning is accomplished with two
rotating eight-faced prisas that move the instantanecus
field of view through the desired regicn. The coclad
detector allows a miniasua detectable temperature difference
of Letter tham 0.29C at a 30°C object temperature.

n
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2. pjack and Rbite Mopitor

The tlack and white mcnitor (Pigure 2) is the
initial display of the camera's output. The display has 100
lines with a line frequency of 1600 lines per second,
yielding 16 frames per second. The controls for focus, tias
control c¢f the detector (temperature w«indow 1locaticn),
sensitiyity (temperature window size), plus various other
settings for the display are located on this aonitor. The
black and white monitor has the capability fcr two isotheras
to be selected anywvhere in the displayed temperature window
that give highlighted output at the corresgcnding locations
in the display.

3. gcolcr Momjtor

The colcr scniter (Pigure 3) gives a display twice
the size of the ncrsal black and white output and peramits
the applicatijon of color to allow the temperature windcw to
be divided into tenm easily distinguishable regions. At the
sipisum settings, " this quantizing allows the systea tc¢
display the ainisua detectable difference of 0.29C inm an
easily understocd foraat.

13
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4. Erofile Adapter and LCisplay

The profile adapter and its associated black and
vhite display unit (Pigure 4) give quantizing capability to
the picture displays. Tvo modes exist in this display, one
for surface temperature crcss section of amy selected scan
line, and the other a diminished scale versicn that Eresents
the surface temperature cross section of all 100 lines of
the display. This relief map is a three-dimsensional disglay
cf the emissions of the objects being viewed by the camera.

E. THERMOVISION PICTUEE INTEEPRETATION

Pigure S is an exasple c¢f a picture froa the color
acnitor. The horizontal band at the bottca shows the ten
isotheras in the selected temperature windcw, increasing in
temperature froa left tc right. Thus, the relative
teaperature distribution of a bhomogeneous cbject can be
determined Ly psatching the colors in the display to the
corresponding portiop of the reference band. The coclcr of
any portion of the band may be chosen by the operator, and
changed when desired. ©UNormally the colors are arrangeéd to
provide maximum coptrast between adjacent isotherams. Por
printing, the colors in the rphctographs are converted to
half-tone Lklack and white. This process diminishes the
contrast betveen adjacent isotheras.

Unless ctherwise indicated, all Theracvision fpictures

use a tesperature windcw of 29C, which makes each iscthers
0.2°9C in width.

16
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Pigure 5 - THERMOVISION PICTURE EXAMPLE
&
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C. LABCRATOBY ARBRANGEMENT

Pigure 6 shows the arrangement of the lakcratory set up
for the study of scattering objects. The object under study
vas placed on a ¢x12 feet (3.8x11.5 wavelengths at 937.5
MHz) alusinus ground plane at a sufficient distance to
insure an incident plane wave. The aonopole vas driven at
its base and placed in front of a 60° cocrner reflectcr. The
infrared camera was moved as desired arcund the ground plane
to obtain the proper view of the object. 7Tc insure cosplete
and unifcrm connections, all points of contact with the
ground plane were taped with copper conducting tape.

To study radiating objects, the object, usually an
antenna, was placed in the drivem lccaticm and the corner
reflector resoved.

D. EQOBEE GEBEBATING SISTEN

Piguzre 7 is .a schematic representatiop of the
arrangesent tc provide the incident power to the driven
element. The pover generator (a Sierra Electroaics scdel
470A, 80 watts maximum output) was connected to an isclater
aand then tc a dual directicmal coupler. A dual stub tuner
was then attached to cancel the reflected signal <fros the
driven e<lement. A pcuer meter was connected at the return
gort of the dual directionmal coupler to allcw detersiration
of the accurrence of the minimus returned signal.

19
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Pigure 7 - POWER GENERATING SCHEMATIC
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III. CHABGE DISTBIRUTION DEIERBISATION

A. TECHNIQUE

To deternmine the charge distributions on an antenna, a
sheet of resistive p[paper (2000 ohms per sguare, Sunshine
Scientific Ipstrument Company, Philadelphia), was fplaced
behind the antenna. A dielectric material vas used as a
backing for the paper to provide the required stiffness.
The electric field 1lines, originating at the cbharge
lccations on the antenna, cause currents t¢ flow ot the
resistive G[pager. Sear 1large charge concentrations, where
more 1lines of force converge, the resultant current
magnitudes c¢n the paper are higher, fprcducing greater
localized heating. When detected, this heating yields the
relative charge distritutions on the antenna. Por radiating
anteanas, the current distributions may then be deterained
froam the continuity equation. Pigure 8 is an example cf the
setup for the charge deteramiraticm on a scattering crossed
dipocle.

All measurements of charge distribution shown were sade
at a frequency of 937.5 megahertz (32 centimeter
vavelength) .

Only a fev exaaples of this technigue are included bhere
to illustrate the procedare. BExtensive exanples and
ccaparisons with known solutions are shcwn by Nancs and
Burton [ 1977].

22




Pigure 8 -

CHARGE DISTRIBUTION DETERMINATION SET UP
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E. THREBE-QUARTER WAVELENGTH MONOPOLE ON GRCUND PLANE

1. Badjating

The <charge distribution cn a radiating thin
three-quarter vwavelength (24 centimeters) smcanopole and the
Thermovision charge ©picture is shown in PFigure 9. The
charge magnitude maximum locations are easily identified as
the waraest points on the display. The charge minimua
tetveen the saximums is clearly seen as the ccolest sgct can
the antenna. Note the driving rcint disturbance at the Lase
cf the scmnopcle.

2. sScatteripg

The charge distribution for the scattering
three~-guarter wavelength monopole is shown inm Pigure 1C. As
expected, the distribution looks 1like the radiating case
without the driving point disturbance.

24
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C. CROSSED LIPOLES Oi.GROUlD‘PL‘IB

The charge distributions on two of the thin crossed
antennas discussed by Burton and King [ 1975] are shcwn in
?igures 11 and 12. 7The effects of the various resonaat
lengths seen by the source in these two radiating antennas
is clear.

1. Berigzoptal Cross at Cpe-Half Havelendth

Figure 11 shcws the three-quarter vavelength
monopole with one-quarter iavelength (8 centimeters) aras
attached at cne-half wavelength from the grcund plane. The
resonant length seen by the source is three-quarters cf a
wavelength, resulting in a charge distributicn similar to
the wmonogolé, except there are novw three locations (each
tip) of the final charge maxinmuas.

2. Borizogtal Cross at Cpe=Cuarter Havelsogth

When the horizontal cross is acved dcwn to
one~guarter wavelength frosm the ground plane, the charge
distribution is as shown in Pigure 12. The resonant length
seen by the source is now one-half wavelength, which causes
the significant redistributicn of charge ccncentrations froa
the uncrcssed monopole. ‘

27
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IV. CURRENT DIJIRIBUTION DEIEENIBATION

The technigue for charge distributicn determinaticn is
sisple and convenient. However, two factors tend to limit
its applicability to a general situation. Eecause the sheet
of resistive paper sust be situated adjacent to the cbiject
and respond to charge distributions despite the orientation
with the source, direct charge distribution determinatica is
presently lisited to "thin" cbjects. Often, particularly in
complex structures, chjects <¢f interest are not "thin.”
Additionally, primary interest often is directly ir the
current distributiops om conductors. -‘Thus, the thrust of
this work wsas the direct deterainaticn of current
distribations.

d. TECHBIQUE

Initially, a- sheet of resistive paper wvas used to
construct a model of the object. This model vas then fplaced
on the grcund plane and irradiated. It was soon disccvered
that, because the skin depth of the resistive paper at 937.5
88z is on the order of the paper thickness (approximately
0.8 wmsillimeters), non-conducting objects used for suggort
behind the sodel had a significant effect on the temperature
distribution of the irradiated surface.

When five thicknesses of resistive paper vere used for
scdel ccastruction, supporting structures no loanger bhad an
effect on the surface temperature distributicas.

30
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With anm incident field strength of three milliwatts per
sgquare centimeter at the surface of a nmodel, an otvious
current sagnitude :cptesentatidn is apparent within five to
ten seconds. The surface then heats  uniformly for
approximately four ainutes until steady state
heating/cooling occurs.

Pigure 13 shovs the model used for a one-balf wavelength
(16 centimeters) square. UNote the polystyrene foam used for
snppbrt and the copper tape at the intersection with the
ground plane.

All measurements of current distributions shown were
sade at a frequeacy of 937.5 megahertz (32 centiaeter

vavelength).

Burtcon and King, in wcrk currently inm progress at
Barvard University, bhave nmeasured the surface currert and
charge distcibutions on a flat surface with normal and 459
incident Elane waves. Partial results of theig
investigation are shown in Appendix A, and provide a
reference for the Thersmovisicn pictures of the flat surfaces
investigated herein.

31
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Pigure 13 - CURRENT DISTRIBUTION DETERMINATION SET UP
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E. ONB-HALF WAVELENGTH SQUARE QN GROUNL PLANE

To illustrate the relatienship between the Thermovision
picture and the wmeasured current distritutions on a flat
plate, several situations were viewed and displayed. Figure
L) shoés  the various incident angles of the plane
electromagnetic wave on the one~half wavelength square.

To allow comparison between views, all Thermowvision
pictures user¢ made with the camera normal tc the surface of
the nmodel. Pigure 16 has a wmarker sugperimposed cn the
Theraovision picture of the square with the normally
incident signal to indicate the locaticn of the teaferature
cross sectics in Piqgure 17. All temperature cross sections
in this section were at the sase relative lccations as those
shovn in Pigure 16.

33




incident signal

Pigure 14 - ONE-HALP WAVELENGTHR SQUARE ORIENTATICNS
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1. Norsal Incidence

When a flat surface is irradiated by a normally
incident plane wave, the current distributicrs formed are a
function of the <rescnant lengths seen by that signal. 1In
general, the currents at the center of such a flat surface
are less than the currents at the edges because cf the
asutual repulsion of the electrons. The magnitudes of the
surface currents along the edges is a function of location
along the rescnant 1length seen by the incident signal.
Intermediate areas between the center and the edges shcw the
transiticn currents. Since, in rectangular objects,
syametry exists about the vertical center 1line c¢f the
surface, the currents seen on the two sides are identical.

1be Thermovisicn picture shous these poiants clearly.
Along each vertical edge, there is a "sonopcle-type" curreant
distribution with the positicn dependent current magnitudes
apparent. The current aminisum along tne verticali center
line of the surface is also visible. ©HNote that the current
sagnitudes in the lover center of the surface do not create
enough lccalized beating to cause any detectabie rise in
temperature,

s
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Figure 16 - ONE-HALF WAVELENGTH SQUARE CURRENT
DISTRIBUTION, NORMAL INCIDENCE, WITH MARKER
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2. JIwenty-Degree Incidence

. As the incident signal moves frcs the normal, the
response c¢f the leading edge is enhanced, and the trailing
edge response is diminished. This reacticn is apparent in
Figures 18 and 19, which are the 209 incident views
corresponding to the previous norsally incident
presentatiouns. The relative sagnitudes c¢f the surface
currents at the vertical edges can Le seen in the
temperature cross section in Figure 19. The curreant minimup
towards the vertical center line of the surface remains, and
the current increase at the trailing edge is still cbvious.

39
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3. 3Ibizty-Degree Incidence -

~ The corresponding views for 309 incidence are shcwn
in Pigures 20 and 21. When the incident signal reaches 309
froa the norsal, the teaperature difference betweer the
current minisum 1location and the trailing edge in a
hcrizontal cross section is Dbarely detectable. The
sagnitude chang; froa leading to trailing edge 3is now
significantly greater than the 20° incidence case¢. Houever,
the current magnitudes on the trailing edge are still
sufficient to cause the apparent ®"monopole-type" ccurrent
distribution.
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4. Jorgy-Pive Degree Ipcidepce

When the incident plane wvave is 45° from the norsmal
(Pigures 22 and 23), the leading edge resgcanse is still
greater than the previous cases, and the current cn the
trailing edge is barely larger than the =more interior
locations. Note that the locaticns of the current ainisa in
this sequence have moved farther toward the <trailing edge
with an increase in incidence angle, and thers is no longer

the visible "“monopole-type® current distribution at the
trailing edge.
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5. MNipsty-Degree Incidepce

When the ipcident sigpral is 909 from the norsal
(Pigures 24 and 25), only the Jeading edge is being
»driven," and the remainder of the surface is shadowed froa
the incident signal. Thus, the curreat asagnitude is
monotonically decreasing across the surface. The relative
current magnitudes along the leading edge cf the surface for
this entire segquence remain constant, with the peak values
of current cccuring approximately three-quarters of the
distance frcs the ground plarne.

48




b

IDRIAIONRI 006 ‘NOILNAIHISICA
LNZYYND FNYNDS HIONITIAVA JTIVH-IRO

T/Y

- hZ eanbta

49




34ITI8 ANY NOIID3AS SSOHD FUNIVIAIRIL
'EORIAIDONI 006 *TUVNDS HIORIATAAVM JITVH-INO - GZ 21nbra

50

- ———




C. THREE~QUARTER BY ONE-HALP WAVELENGTH PLAT PLATE ON
GROUNLC PLANE
L]

When the height of the vertical edge of the flat plate
vas increased to three~quarters of a wavelengtk (24
centimeters), the rescnant 1length seen by the incident
signal changed proportionally. This change caused a
variation im the distribution along the edges of the
surface, but the sasme general current arrangement cccurs
across the surface. All Thermovision pictures were again
taken norsal to the surface of the plate. For brevity, the
teaperature cross section and relief views cf each situation
were not included. .lo unexpected results were obtained in
either of these views.

1. DMNorsal Iacidence

The ncrsally incident plane wave again yields a
current distribution that is syametrical with respect to the
vertical center line of the surface (Figure 26). The change
in resonant length seen by the incident signal is aprarent
in the Theracvision picture with a 1local aaximum occuring
tovard the top and the bottom of each vertical edge. The
sinisum curreant locaticns were again at the center of the
plate, with the "monopole-type®” current distribution at the
edges.
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2. JIsn-Pegree Incidence

The 10° view was added for the three-quarter by
cne~half wvavelength rplate to exhibit =scre clearly the
transiticn of the surface current distributions 2a2s the
incident signal aoves off the normal (Pigure 27). As
expected, a small increase in the leading edge response and
a decrease in the trailing edge response occurred. Plainly,
tbhe horizontal minimum remains very near the vertical center
line of the surface.
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3. JIvepnty:-pegree Ingidence

Figure 28 is a continuation of the tramsition cf the
cuorrent distribution. A visible current sinimum reamains
slightly on the trailing side of the vertical center line of
the surface, and the enhanced 1leading edge respomnse is
cbvious. The aminimsus value of surface current cn the
trailing edge has become so low that the 1lccalized bheating
causes very little teamperature rise from the minimus in the
horizontal cross sectica at that heigth.
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4. ZThirty-Degree jncidence

Sseveral noticeable changes are evident when the
incidence angle reaches 30° (Pigure 29). Although two local
saxima remain on the leading edge, the current levels cn the
trailing edge are so ssall that there exists only one
obvious saximus on the trailing edge. Additionally, the
sinisum current sagnitude in a horizontal crcss section has
soved to approximately ¢two-thirds of the width frcas the
leading edge of the surface.
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5. Jogty-Pive Degree Iacidence

Pigure 30 indicates the current distribution cn the
surface with an incident signal 45° from the noramal. fhen
the signal is this far frop the norsal, the "monopole-type”
current forsation on the trailing edge is absent and the
horizontal current ainimum is nearly at that edge. The
distinctive current forsations on the leading edge .remain
evident.
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6. Jinety-Degree Incidence

At 90° incidence (Figure 31), the leading edge is
again the cnly "driven"” portiom of the surface. Thus, the
current magnitudes decrease horizontally acrcss the surface
uatil they are insufficient to cause detectable heating of
the surface. The insufficient heating causes the inakility
of thc- Thermovision picture to clearly define the trailing
edge of the surface. The "mcnopole" current distributicam on
the leading edge remains as in the previous presentaticns.
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D. ONB EY ONE-HALF WAVELENGTH FLAT PLATE ON GROUND ELANE

An increase to one vavelength in the height of the flat
surface again causes an increase in the rescnant length seen
by the incident signal. A significant redistribution of the
current magnitudes op the surface results.

Por cosparison, Thermovision pictures of the same
incident angles as previously studied were taken, yielding
the same type of tramsitions (Pigures 32 tbhrough 37). All
pictures were again taken norsal to the surface under study.

1. lJeogmal Ingidenge

#ith norsal incidence (Figure 32), the syametrical
current distributions are again apparent. With the increase
in the beight of the surface, the two Jlccal saxima at each
vertical edge have changed locations along the edge. 1This
caused the appearance of a distinct oval current aminimua in
the center of the surface. The minimum fcr any horizomtal
cross section of the plate remains in the center, ané the
saxisua at the edges.
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2. Ien-Degyee Incidence

#ith a 102 incident plane wave (Pigure 33), the
expected shift tovard the leading edge occurred. Agaiz, the
two distinct 1localized maxima remain apparent at the
trailing edge of the surface, and the enhancement cf the
leading edge currents is visible. A change in the Lias
setting of the Thermovision , camera makes the oval shaped
sinisuas toward the center more chvious than in the previous
picture.
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3. JIwepty-Degree Ipcidence

In this surface, the currents at a 20° incidence
remain consistent with the previous examples (Pigure 34).
The two local maxisum current lccations are still evident,
but are significantly diminished. The oval shaped current
sipisum also remains in the interior of the flate, but it
also has shifted noticeably tcward the trailing edge,
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4. Ibipty-Dsgree Incidepce

For the 30° incident signal, the changes in surface
currents are as expected from the previcus cases (Figure
35). The lessened resgonse of the trailing edge and the
shifted current mipimum in a horizcatal cross section
resains, The localized heating on the trailing edge is now
tarely sufficient to cause the *“mcnopole-type" curreat
distribution grofile.
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S. Forty-Pive Deqgree lncidence

For the 459 incident signal (Pigure 36), the greatly
diminished response cf the trailing edge dces not cause an
cbvious “mcnopole-type® response, and the significant sbhift
of the current asinimum in a horizontal cross section toward
the trailing edge again occurs. The siailarity amcng the
459 incident cases for all these surfaces is apparent.
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6. Nipety-Deares Incidepce . .

When the surface norsal is 909 from the incident
plane vave (Figure 37), the reaction again shows the result
of only the leading edge being "driven.® The horizomtal
cross section again exhibits a @monotonically decreasing
surface current, and insufficient currents exist to create
enough lccalized heating to allow detection cf the +trailing
e¢dge of the surface.
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B. CURVEC TERER-QUARTER BY OME-HALF WAVELENGEIH SURPACES
ON GECUNL PLANE

To show the transition from a flat surface tc a
cylinder, twc sequences of Therscvision pictures were sade
cf surfaces three-quarters of a wavelength bigh and cne-balf
vaveleangth wide with varying asounts of curvature. The
radii of curvature used were infinity (flat surface), 10.25
centineters, 7.5 centimeters, and 5.1 centimeters. The 5.1
centimeter radius of curvature corresponds tc a cylinder cne
vavelength (32 centimeters) in circumference¢ that will be
studied extensively in the next section.

1. Hexmal Incidence

This sequence of curved surfaces with the incident
signal noramal to the center of the sarface (Pigures 38
through 4%), are included to indicate the behavior of the
suzface currents as the edges becose more distant fros the
sgurce. Because symsetry does not exist on the tubular
cylinder with Trespect to this view, the current
distributions shown in this seguence will nct exist cn the
cylinder. Hcwever, this seguence does provide insjight into
the effect of surface curvature.

It is evident from the Thermovision G[ictures that,

as the curvature becomes greater, the surface currents in

the ceater (nearest to the source) become relatively larger.
The increase occurs because the effective differential area
seen by the source decreases avay from the vertical center
line and to a lesser degree, because c¢f the spatial
attenuation of the incident signal. On the surface with the
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ssallest radius of curvature (Figure 41y, the current
sagnitudes on a horizontal cross secticn are pearly
constant. 1be resonant resgonses of the current magnitudes
resain apparent throughout the sequence, with the
"gonopole-type® response on the edges visible on all but the
ssallest radius of curvature surface (the half cylinder).
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2. MNipsty-Degree Incidence

Figures 42 through 45 are the Thermcvision pictures
of the curved surfaces when the incident plane wave is 90°
froam the norsal to the center of the surface. Because of
the symmetry of the tubular cylinder with a circumference of
one wavelength, the currents in Pigure 45 shculd also te a
representatican of the currents on that cylinder.

The sequence clearly shows the more distinct
formation of the currents on the illumipated porticm, as
sore of the plane wave was incident on the surface with
decreasing radius of curvature. Each of the views exbhibits
the expected resonant response of current magnitudes along
the illuminated edge of the surface. The shadowed pcrtiocn
of the surface (the trailing half) im each case was
obviously being “driven" by the currents on the illuaminated
Fortion.
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P. THICK CYLINDER ON GROUND PLAMNE

This section shows the application of the Thermovisioa
surface current determination to a tubular cylinder with
ka=1 (circuasference c¢cf one wvavelength) and a height of
three-quarters vavelength (24 centimeters), vhere k is the
vavenumber and a is the cylinder radius. Pigure 46 shous
the resistive paper model of that cylinder.

The model is a five layer resistive paper surface over a
polystyrene foam cylinder for rigidity. Again, copper tape
vas used to insure a uniforms connection with the grouad
Flane. Pigure 47 exhikits the relative Jlccations c¢f the
Thermovisicn camera and the ircident plane vave. Because
symmetry exists on the cylinder about a plane perpemdicular
to the ground plane through the 09-180° ljine, the side view
vas chosen for display. This view then exhibits the
relative magnitudes of all currents cn the cylinder.

Hn:fén, Ring, and hlei;r (1976) have shcun the Aleasnred
resultant values of surface currents on a cylinder of these
dimensions when irradiated by a plane wave, and ccepared
thes to the theoretically derived values. These results are
shown in Pigure 48 with the Thermovision picture of the saae
situation. The current magnitudes are indicated on an
increasing scale from 0 to 9 in ten egual ranges to
fagilitate <comparison with the temn isctheras in the
Thermovision picture. Since the Thermcvision technique
detects stcady—statc\ heating of the surface, the relative
phases of the currents are not obtained. Thus, the relative
pheses of the measured results are not indicated in Figure
48. It should be emphasized that the cosputation of the
surface currents on the cylinder is a sqphisticated, time
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consusing prccedure involving coupled axial and transverse
current coagcnents.

87

BT PR

PP R v

i
4
o




Pigure 46 -

TUBULAR CYLINDER WITH ka=1 AND HEIGHT OF
THREE-QUARTER WAVELENGTH
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The teaperature window in Pigure 48 has been increased
to 109C (each isctherm is 19C) because of the larger
teaperature range that exists on the cylinder. PFigures 49
tbrough 52 are a sequence of Thermovision pictures of the
same cylinder with the temperature -windcw reduced to 2°9C for
the increased sensitivity (each isotherm is 0.29C). Bach
succeeding fpicture has the bias level changed to lower the
teaperature window detected. This process causes the
increasing size of the white (highest teamperature) isothera,
but also allcws detection of the smaller currents on the
shadowed portion of the cylinder. Compariscn of succeeding
pictures allcws all relative valmes of current magnitudes to
be determined. The temperature window locaticn in Pigure 52
is sufficiently low to cause detecticn of the aicrowave
absorbent wmaterial in the background, but the cylinder
current values detected are not affected.
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V. CONCLUSIONS

The infrared imaging techaique has Lee¢n shown tc te a
valuable tool in the determinatiocn of surface charge and
curreat distributions, particularly on coaplex objects when
analytical current determinations are, at lLest, difficult
and time consuming.

The Therscvisicn technique is particularly ispcrtant
Lecause, with an accurate resistive pager model, suttle
differences in current distributions, caused by sinor
changes in connections and dimensions, can be observed
quickly and accurately.

There are some aspects of the Thersovision current
detection technigque that require care in interpretation.
Since this technigue uses five layers of resistive fpager in
the object models, it is possible to have uneven sSpots or
air gaps between the layers. These uneven spots can cause
errcneous results because they can alter the thersal
conductivity of a portion of the surface. Thus, eixtreae
care pust be taken in model construction.

The Thersovision technigue must also be used with care
at the intersection with the ground plane. Since the
surface cf the copper tape is a polished asetal, with the
corresponding lov eaissivity in the three tc five ssicron
vavelength range, the sensitivity of the infrared detection
to a given teamperature difference is significantly less.
Thus, the regicn covered by the copper tage should not be
compared with the remainder of the surface.
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It wmay also be noted that the <Thermovision and
theoretical results on the tubular cylinder do not satch
exactly at the top edge of the cylinder. 7This discrepancy
is probakly caused by the exroseé¢ edges of the resistive
paper, vwhich cause a slight surface nonuniformity. This
aberration, in turn, slightly changes the thersal
conductivity of that edge.

The problems encountered in the application of the
Thermovisicn current detection techuique d0 not
significantly affect the general applicakility of the
procedure. The simplicity of the technigue and the near
real~time results, make the Thermovision technique an
attractive experisental procedure. Infrared detection of
surface current distributions will yield reliable results on
objects that sight otherwise resain unanalyzed.
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VI. RECOHMENDATIONS

Since infrared detection of surface charge and curreant
distributions has been shown to be possible and pre cal, a
next logical step is a procedure to allow the appl ¢ion of
this technigque directly on large metal objects such as ships
and aircratt. A surface preparaticn tc increase the
enissivity cf objects, without significantly altering its
electrical properties, would seeam to be the correct apgrcach
to exaaine. A [Fproper surface preparaticn would allows
deterainaticn of surface currents on materials that dc not
approach ideal conductors, such as the comgosite materials
currently under study. Such a surface gpreparation wculd
alsoc solve the prcbleas aentioned in the previous section.

Bany objects of interest remain that may be analyzed
using carefully coanstructed resistive fpagper models. It
therefore is important to continue to study these oljects
using the technigues discussed herein.
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APPENDIX A

CURRENT DISTRIBUTIONS ON PLAT SUBFACES

The results shcwn in Pigures 53 through 56 indicate the
measured surface currents on a flat surface three-quarters
of a vavelength high and approxjimately 0.42 mavelength wide
over a condycting ground plane. These results are froa
current reseéarch by Burton and King and indicate the
longitudinal and transverse currents on the flat surface
with a normally incident plane wave and the same gquantities
with an incident signal 459 fros the noramal to the surface,

To allcw coaparison with the surface curreants indicated
by the Thermovision pictures in Section 1V, the magnitudes
vere indicated on an increasing scale of arbitrary units
fros 0 to 9 in ten egual ranges of current magnitudes.
Because the relative scales of the transverse and
longitudinal <currents are being deterained, resultant
current values are not yet available. Bovever, strong
similarities wmay be seen betveen the longitudinal current
values and the Thermovision pictures.
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Pigure 53 - HEASURED LONGITUDINAL CURRENTS ON A PLAT
SURPACE, NORMAL INCIDENCE
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Pigure 55 - MNEASURED LONGITUDINAL CURRENTS ON A FLAT
SURPACE, 459 INCIDENCE
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Pigure 56 - HEASURED TRANSVERSE CURRENTS ON A PIAT
SURPACE, 45° INCIDENCE
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